The pH valucs of the well-known Clark and Lubs burrcr solutions havc been dctermined at 25° C on the convcntional activity pH scale dcfined by thc NBS standards. These solution s, which a rc useful for pH control in the rangc 1 to 10, a r c rca dily prcpared by combin ing portions of four stock solu tions with standard so lu t ions of hyd rochloric acid or sodium hydroxide. The fom stock solutions contain potassium chlo rid e, potassium hyd rogen phthalate potassium dihydrogen phosphate, or boric ac id and potassium chl or ide. The compositi~ns and buffcr values of the solu t ions are listed at interva ls of 0 .1 pH. Th e estimated accuracy is ± 0.02 pH unit.
Introduction
Among the b est known series of buffer sol,u tion s for pH con trol ar e those of Sj2Sr cnsen [J] 1; Palttllsch [2] ; Clark and Lubs [3] ; McIlvaine [4] ; and Cohn , Hcyroth, and N[cnkin [5] . Of th ese, p erhaps the most widely used, particularly as standards in colorimetric pH determinations, are th e solutions of Clark and Lubs. These arc prcparcd by addiLion of standard solutions of h y drochloric acid or sodium hydroxid e to p ortions of four stock solu tions, followed by suitable dil ution wi Lh water. In thi s way, buffcr solutions of a pr ed etermined pH val ue from 1 to 10 can be m ade. pH 7.8 to 10 .0: 50 ml of a solutio n 0.1 1\1 in both H 3 B03 a nd K Cl + x ml 0.11\1[ NaOH, diluted to 100 ml. The exact compositions of solutions whose S¢rensen pH val ues at 20° C vary in ste ps of 0.2 uni t are to ,? e found in monographs on pH m eas urem ent and III ch emical handbooks.
In recent year s th er e has b een a grad usl shift from th e pH scale set forth by S¢ren sen to a conventional activity scal e defin ed in su ch a way that m eas ured pH values ar e consisten t with the thermodynamic dissociation constants of the weak: acids and b ases th at fi x th e pH [6] . press ure of hydrogen , fo r equ ali ty of the latter at the two electr odes was maintained.
For a part of th e m easurements, the po ten tials of th e t wo lJalf-cells were measured separately wi th r esp cct to a saturated calomel refer en ce electrod e that m ad e electr olytic con tact with Lh e bridge solution of cell 1. Th e pI-I of solu tion X was Lhen calc ulated by eq (1), modified by th e s ubsLi tution of Ex-Es for E.
Four of th e N BS standards wcre used in this study. In gen eral , the standard with lJH n ear est tha t of the " unknowns" was sel ected for each p articular series, as follows: The four standard solutions were freshly prepared for each series of measurements and were intercompared occasionally in cells of type I. The differences of pH among the three standards of pH aboye 4 were always consistent with the values assigned to these solutions. Because of the residual liquidj unction potential, which becomes significant at low and high pH [7] , the measured difference between onE of these three standards and t he tetroxalate standard is found to be too large by about 0.02 pH unit. Therefore, uncorrected pH measurements with cell I in the range between pH 1.68 and pH 4.01 may be considered to be in error by ± 0.02n/ (4.01 -1.68) =± 0.009n, where n is the difference of pH between the unknown and t he standard. In applying this correction, due regard must be given the sign. If the assembly is standardized at pH 4 or above, t he correction is added to the measured pH; if it is standardized at pH 1.68, the correction is subtracted. This correction has been applied to the values reported in this paper.
Experimental Procedures
The cell vessel has been described elsewhere [7] . Fresh hydrogen electrodes were prepared daily. For use in the phthalate solutions, the platinum foil bases were coated with palladium black [8] ; in the other solutions, a coating of platinum black was satisfactory. The deposits were formed by electrolysis for about 2 min at a current of 300 rna. The palladium and platinum solutions were prepared as described elsewhere [9] . About 1 hI' after the cell was immersed in the constant-temperature water bath and the flow of hydrogen begun, the liquid junctions ' were formed. The emf was measured immediately after establishmen t of the junctions and was found to remain constant within ± 0.1 mv for one-half to one hour.
The potassium hydrogen phthalate and potassium dihydrogen phosphate were NBS Standard Samples 185a and 186Ib, respectively. Boric acid was recrvstallized twice from water and was dried in air at" room temperature. The potassium chloride was a purified fused sample prepared in a manner described previously [10] . The standard solutions of hydrochloric acid were prepared from a distilled sample and were standardized by the gravimetric s ilver-chloride procedure. The solution of carbonate-free sodium hydroxide was standardized against NBS Standard Sample potassium hydrogen phthalate using phenolphthalein as the indicator.
The standard solutions were not exactly 0.1 M or 0.2 M, but t he results have been expressed on this basis. Calibrated volumetric glassware was used.
Results
The pH values obtained were plotted as a function of the quantity of standard acid or alkali added. The amounts of reagent read from the smoothed large-scale plots at even intervals of 0.1 pH are listed in the accompanying tables. The estimated accuracy of the pH values is ± 0.02 unit. When corrections for the differences in temperature and scale of reference are applied, the results of Clark and Lubs for the phthalate, phosphate, and borate solutions are found to be entirely consistent with those given here. The discrepancy is greater with the acid-chloride mixtures, for which the residual liquidjunction potential is appreciable.
The Van Slyke buffer value, {3, is defined as db /dpH [11] . The quantity db represents the number of moles of strong alkali which increase the pH of 1 liter of the buffer solution by the amount dpH. The values of {3 given in the last columns of the tables were computed from the data for a fillite increment, t,pH = 0.2 , by t he relation {3"",L:;.b /L:;.pH. In this formula, then, t,b was the number of moles of strong alkali needed to raise the pH of 1 liter of the buffer solution from 0.1 unit below the point in question to 0.1 unit above . Both L:;.b and L:;.pH are negative for additions of strong acid.
The pH values of the acid-chloride mixtures given in table 1 agree closely with th e pH computed from th e molar concentration, c, of hydrochloric acid and the ionic strength , Jl., by the formula
in which th e activi ty coefficient of hydrogen ion is expressed by the Debye-Huckel equation with ion size of 5 A. This formula has also been used to calculate the pH values of mixtures of a constant total molarity (and ionic strength) of 0.1 , which Clark [3] preferred. The r esults are given in table 6.
The buffer solutions should be prepared with a good grade of distilled water. Water for the preparation of the alkaline solu tions should be boiled and protected from carbon dioxide while cooling, or should be purged with carbon dioxide-free air. The solutions will usually show satisfactory stability over a period 'of several weel;;:s. 
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